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EAR(MMC) . DUE 0—20,20—40 ,40—60 em L 3EAb2E M AR BEEEG M , /04T Ak 22 IR S KM ERE R . AFEM L
BB HLB A 00 AN S B 1 R R BN A . 0—20 em 1), i vk pH A LB AN S50 52 3536 , Herh g BLsE 43 59
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DU AR AT A WK I (CBH) S22 MR 2 LK ( LAP) AR M R B ( ACP ) [ 5 M AH LU AZ A Slibk i S5 R A0 1198 B- 1, 4-
N-Z A M i (NAG) [ FRPEBERR G (ACP) , 12 R -1 BlOss RS AR SAR o 25 18 . AHOCHE 43 BT 3R W, R TRl ARk 4y + 8
pH AU A 2 20 AW TIEERE T Z MR BB X R, [ G581 ARAIRN S I B A B0E A B T 135 4011
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Effects of close-to-nature transformation of Chinese fir plantation on soil chemical
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Abstract: This paper aims to study the changes of soil chemical properties and hydrolase activity of Chinese fir plantation
after close-to-natural transformation of Phoebe bournei and Machilus pauhoi after thinning of Chinese fir. Three kinds of
stands were set up in Shanshan Forest Farm in Xinyu City, Jiangxi Province, which were Cunninghamia lanceolata pure
forest (CLP), mixed forest of Cunninghamia lanceolata and Phoebe bournei (MPC) , and mixed forest of Cunninghamia

lanceolata and Machilus pauhoi (MMC). The chemical properties and hydrolase activities of 0—20, 20—40, and 40—
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60 cm soils were determined, and the relationship between soil chemical properties and hydrolase was analyzed. The results
showed that soil organic matter, available phosphorus and available potassium in different stands decreased with the increase
of soil depth. In the 0—20 cm soil layer, the pH, organic matter and available phosphorus of the reformed forest increased
significantly, among which the organic matter increased by 22.52% and 21.04%, respectively, and the available
phosphorus increased by 5.9% and 9.57%, respectively. In the 20—40 cm soil layer, the organic matter of the close-to-
nature transformation forests increased significantly, and there was no significant difference in the available phosphorus and
available potassium. The different stands had different effects on total nutrient. In the 40—60 cm soil layer, the contents of
organic matter, total nitrogen, total potassium and available potassium were significantly different between the close-to-
nature transformed forest and the pure forest of Cunninghamia lanceolata. Soil N ;P in different stands was lower than that in
the subtropics of China, and the available P element was lacking. Soil C:N and C:P in modified forest were higher than
those in pure Chinese fir forest. The enzyme activities of cellobiose hydrolase (CBH) , leucine aminopeptidase (LAP) and
acid phosphatase ( ACP) in soil of mixed forest of Cunninghamia lanceolata and Machilus pauhoi were significantly
decreased compared with those of pure forest of Cunninghamia lanceolata. B-1, 4-n-acetylglucosaminoglycosidase (NAG) ,
ACP, and the close-to-natural transformation forest of Cunninghamia lanceolata and wood shaplanus were significantly
increased compared with pure forest of Cunninghamia lanceolata. The correlation analysis showed that soil pH, organic
matter, total nitrogen, total phosphorus, total potassium, available phosphorus and soil enzyme activity were significantly
correlated in different stands. [ Conclusion ] The close-to-nature transformation forest of the Cunninghamia lanceolata after
cutting in pure interstand is helpful to the accumulation of soil nutrients, improves the soil quality of Chinese fir plantation,
increases the diameter at breast height (DBH) and volume of Cunninghamia lanceolata, and alleviate the problems of soil

fertility decline caused by single tree planting.

Key Words; Chinese fir; close-to-natural transformation; soil chemical properties; ecological stoichiometric ratio; soil

enzyme activity
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LR B-1,4-FZHEFTEE(BG, B-1,4-glucosidase ) FIZF4E — /K f# il ( CBH , cellobiase ) , A JL T 5 Fl K 3R
BEEY B-1.4-N-Z Bt R KL A B ( NAG , B- 1, 4-N-acetylglucosaminidase ) , 7K fift 25 [ 5t R 22 ik A9 28 40 1R 24 L ik
it (LAP,leucine aminopeptidase ) F1Z: 545 HUB 70t i AR PE B FR i ( ACP , acid or alkaline phosphatase) ', -
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I sgm e,

F2A ( Cunninghamia lanceolata ) J& 3 E A A= FHMA R Rl ) )32 4885 T3 = R 7 b DX, P AR 5 42
N TR 20% 7, FAKII ik s S 8CEHIE S RW TR (R Rz B EE) , X R
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AL AR BRSO BAZ TR AR, L3 pH | U8 EUFIAT S0k Jot 73 H007 T A A8 m , 3 RACR WL 8.
R, FRTET X BUA A2 AR MR B AR BOE BT IR B o JEHORAE Rl — SE A& R R, e 2 i
245 1 R BRIEER ) LK R LRSS S AZ AR IAR B BB A B 25 RORAZ AR PR A 1] A [R] AR R S AR
e R B R AR TE ER EA HRE . DN AT S LIV L R ARG A AR AR A2 AR - A S0 bk B A2
AR UOE MRS G, RTEAZ AR AR AR MR SIS 3R Ak R Sl T 1 14 22 57 DA
Lot - HERE T3 R - HEFR IR RE M, AL AN TR ] 15285 A e 5 78 BRI R 24Kk

1 RS

1.1 A AL S e i

WFFE RN VLB B AT A B B L R AR (114°66E,26°74N) |, 3¢ & T Hr EMOW BF 24 0 73 e 3 By
ARl S5 G TR 145,37 m, MERRHE 2= KU, AR 17.1°C 5 AR5 (K B 1590 mm; TEARII K, 4R 1 J0 R
191270 d; OB DR IL el RIEFR BN 20 RO AR Ve RS DL T RO A, AT R 2A R 2
B5E 3K ( Dryopteris fuscipes ) . ¥ & ( Woodwardia japonica ) IR ¥T M ( Lophatherum gracile ) , 7% 2& ( Ophiopogon
japonicus) FIFEZE 1L ( Maesa japonica) 55 . AWFEIEFEIIAZ AN THIE 1991 4ETEFTFERZ AR A 115 T, AR
SYEEEN 1200 BR/hm®, 2011 4F S 7 b A% 40 T A KA DL BE AR LAY 20 AEARIEAZ R ZAR, #4730 A 4R el
1 B2 ABRBEAIL Sy 3 A DX, Heorp— AR B )£, 53 80 2 A AR AR5 121 AR —4E 2R Bk
151 25—35 cm 1Y MR G AEAE , JT DR AR b P A2 A B R Il AR S0 AR — B, AP AR TRl 2hm® A2
H — LN | S 2 N NS BEZ L N ( Cunninghamia lanceolata plantation, CLP) | 2 A -1 A A i AR ( Mixed
plantation of Cunninghamia lanceolata and Phoebe bournei, MPC)  #2 A-fl] 7& £ & 1& A& ( Mixed plantation of
Cunninghamia lanceolata and Machilus pauhoi, MMC) , B J5 BT = AE R TBR AL T I Inam X e i AR 45 4 | dht
S E R A WS, AR BIEA N TP HAR K E R . =R A2 AR ate Rim R 1,

®1 BARHBRENHNES
Table 1 Chest diameter and tree height of Chinese fir

A FEAR- M Rl T AR -BIEARBGE AR
fahr C . ; 1 ) Jat Mixed plantation of Mixed plantation of
Indicators unningt (?ma( gLn;e)o ata Cunninghamia lanceolata Cunninghamia lanceolata

plantation and Phoebe bournei( MPC) and Machilus pauhoi( MMC)
Jf4% Diameter at breast height/cm 18.3 28.95 22.15
g
7 Tree height/m . . .
PR Tree height/ 16.37 17.39 17.79

1.2 XA T
121 HEERESCREE

T2022 4E 7 A EFAMREE, T S BUBESE 15 A RAE S (MUE M S A IBTEAR R R R EL PO IX) o SR
AREIBR AL A - AR A 3 PRI A AR -0 4 A 1303 PR (S PR A3 Bl A 152 =3 20 mx 20 m A ) |, 43 51 R A 0—
20 em ,20—40 cm F140—60 cm 1 )2 -3 ¥ [F—FEHL[R]— L2 AORE SR A H IR DU 40 2 ke HP PRI SE G 25
—#B5rRT 3t 2 mm F10.149 mm i, HF 00 AL 2# PR, O —3 00 T oK A 10 S50 %, T 4°C vKAE IR
17, 1T L e s e a1
1.2.2 ik e

DU B T AT A2 AR B4 ( DBH) AR (R (H) o B4R SR FH PB4 RO, A v >R PR 2 B -0 6, AR
V- 35 M A R e T R A A

MU S 2R HE BT A AR N TR e R RUA R,

TV=0.000070511834xDBH 1.798838059031xH 0.991179776772 (1)

2, TV N EARRA A (m®) ; DBH 42 (em) ;H 8RS (m) o
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1.2.3 b ke i e

SR AL ED 22 -4 pH {H (LY /T1239-1999 , R P4 30 H 1 mol/L SEALE AW, K £ H R 2.5:1) ; 35
A BT (soil organic matter, SOM ) SR F H4% FR A S AL /NI % (LY/T1237-1999) 5 LG AUE I @ 1 e 4
. ( Total nitrogen, TN) (LY/T1228—2015) ; &% ( Total phosphorus, TP ) % H & E AL A il -2H 86T Hb (2 200 2
(LY/T1232—2015) ; 428 (Total potassium, TK) >R F FR i J 0 06 B 6 % (LY/T1234—2015) . £ &%
( Available phosphorus, AP ) i 25 mL NH,F(0.03 mol/L) F1 HC1(0.025 mol/L) JR & Wiz #E (LY/T1232—2015) ;
ST ( Available potassium, AK) F SmL NH,Ac (1 mol/L) %= , ff FH H S8 & 45 3 ARG SC 5 (LY /
T1232—2015) , A 2ETTE AR A (C:N) A LR 5 2 A0 3 Bkt (C:P) B LIRS w1
HA AL (N:P) 2R S BB A
1.2.4 - BEREGIE P E

S AP HOEEE L E 4 B-1, 4-HIR WG (BG) | P4 WK ARAGTR 1k (CBH) , B-1,4-N-Z WL BE 200
T (NAG) , L-52 R PR 2 LK (LAP ) MR YEBS BRI (ACP) TG TE"™ . FAAERVEL IR, IR & Ui 4 ( L
VR R A BRA R, i, )
1.3 ¥t

H Microsoft Excel 2019 g 5458 ; i SPSS 26.0 #4547 B[R K 7 2243 BT ( One-way ANOVA ) K6 5 AN [H]
RG> b2 T S AR A b S G 1) 22 57 48 3 (P<0.05) , 3R Pearson AH 5G4 M 1% 14 5 + 158
A2 Bt B HAk 2 1 L AR S, R BRI Canoco 5.0, L -F 3Gy wi i A8 &, L3984k 2% 15 )2 C NP JC
Rt A RS ST TR 5T (RDA) . A Origin 2019b il 1#],

2 HRE5S

2.1 ARFEMD AN B bR 22 1k
W1 Fs  BOE AR A AR AR T BB BLUSG A2 AR SEARAH LU A 1835 25 57 (P<0.05) AP AZ R - il A2 K-

L1 AR Sidk BAR-HRE KX AZAR-BITER

40 - 2 05
2 |
a
35 . a
18 4 7 1 04 F
L a 1 7
g 0 5 16 T / Z
= / E b
S L £ 3 il
= I 5 T
< - <= 12 H a
g 8 2
Z0r ¢ & £
= =
5 T 10 { 5 c
z # & 02 I
s B 8 h =
8 = |
¥ 6 I #
£ 10 f
nl 0.1 {
5 H
2 H
0 0 0
CLP  MPC MMC CLP  MPC MMC CLP MPC MMC

Fh43J&R Stand type

Bl #AKKE HEMNERSR
Fig.1 The thoracic diameter, height, and volume of Chinese fir
CLP, ¥2K N L4libk Cunninghamia lanceolata plantation; MPC, A% K- i (& Ak Mixed plantation of Cunninghamia lanceolata and Phoebe
bournei; MMC, R A -t AERH & Mk Mixed plantation of Cunninghamia lanceolata and Machilus pauhoi. 7~ [8)/NG SRR R RS M AETE B35
225, P<0.05
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U AE A P AZ AR BAREAA B AZ AR Sl AR 23 TR 5 130.9% . 76.4% ; TR i AE AN [FI AR 3 2 6) 6 38 25 55, I AR
e AR S T AR BB AR R AT
2.2 MG Ak 2R AR A

N2 2 FiR,0—20 em + )2, Ak +3 pH SOM AP & 5 ARG W& 225 (P<0.05) , Hi A2 AR-
i) 15 5 42 K - A4 1 8 SOM. & i B AZ AR AR A3 T4 55 22.52% ,21.04% , AP & 50 5l #2855 5.91% 9.51% ,{H.
AR 4 TK B ) E AR T AZ AR AIAR (P<0.05) o HEAh, 1458 TN & 5 A2 AR-BI 10 AR 542 R 4libk A2 AR -]
T A E A3 B R 12.62% (19.59% ; AK &5 S AEAZ AR -G AL A 5 42 AR SR I 25 55 F A2 R-Ii i ( P<0.05) , 20—40
em 2, MEEMG AR LIMAE 14 AP AK i LB 25 (P<0.05) ;TP [ TK & 7E = Fidk oA B 2%
5 HE ARSI AR LIRS F2 A -[# 17 ( P<0.05) ; SOM & & , A2 K- -5 52 A - e AE HeAZ AR glidk 57 i
L 34.84% 71.85% (P<0.05) ;pH TN 7 & , #2 AR 4libf i 2 5 T 42 AR-BI 14, 40—60 em )2, pH TP,
AP S ELTE =PRI TP 0B 25 5 (P<0.05) 5 B MR- SOM (TN & i i 3% = TAZ AR 4liAk (P<0.05) ; TK &
it RS 2 R T AS R (P<0.05) , T AK & it 78 = FlobRsr 0 1o 2 25 5 (P<0.05) , [A]l— kit A [m] +
JEAHLE B 3T R =R 3R A i AR AL B A R A I B AIG A2 R Slibk -4 AP AK
L, FZR- [ g -4 pH .SOM (AP AK, DL A2 AR-BIfER 38 AP S8R L2 IR E & T2 LEW
B P<0.05) .

®2 TEUFMERXLE

Table 2 Comparison of Soil Chemical Properties

Ji - , U iy
, . . AR 2% 2 24 e A
ViV +ERE FRHE Soil organic . . Available Available
. Total nitrogen ~ Total phosphorus ~ Total potassium .
Stand Soil depth/cm pH matter TN/( g/kg) TP/ (/kg) T/ (a/ke) phosphorus potassium
SOM/(g/kg) g g & AP/(mg/kg) AK/ (mg/kg)
A 0—20 4.10£0.017Ab 26.33+0.66Ab 1.03£0.03Bb  0.2872+0.007Aa  14.27+0.46ABa  12.02+0.84Ab 41.31x1.08Aa
CLP 20—40 4.09+0.014Aa 10.1620.61Bc 1.13£0.02Aa  0.2523+0.002Bb  11.87+0.4Bb 5.55+0.18Ba 24.61+1.29Ba
40—60 4.05£0.032Aa 9.37+0.84Bb 0.91+0.012Ch  0.2588+0.012Ba  15.96+1.278Aa 3.06+0.01Ca 17.13+0.601Cab
TR 0—20 4.21£0.00Aa 32.26£0.65Aa 0.97£0.02Ab  0.2671+0.006Aa  8.59+0.37Bc 12.73+0.66Aa 32.00+0.86Ab
MPC 20—40 4.12+0.01Ba 17.46+0.45Ba 1.02£0.05Ab  0.2226+0.005Bc ~ 7.51x0.8Bc¢ 6.09+0.45Ba 25.75+2.15Ba

40—60  4.04£0.01Ca 1423£1.28Ca 0.92+0.007Aab 0.2631x0.012Aa  11.58+1.22Ah 3.01£0.136Ca  15.000.98Ch
Z A 0—20 42450.021Aa  31.87+1.81Aa  0.2607x0.0162Aa0.2607+0.0162Aa 12.52+0.56Ab  13.17+0.60Aa  41.95+2.48Aa
MMC 20—40  4.08+0.02Bb 13.7+0.44Bb 0.2636+0.0143Aa0.2636+0.0143Aa  13.88+0.69Aa 5.48+0.59Ba  20.35£2.15Ba
40—60  4.07:0.0188a  10.00£0.76Bb  0.2351x0.012Ba 0.235130.012Ba  13.22+0.99Aab  3.46+0.33Ca 19.33+1.71Ba

ARG FRACEA M 2 51 2 5 A RS FRCRIA — Mo R LR B E 5, P<0.05

2.3 ANFEMS A VLK 2R 2SR E

FH I 2 ATAT, A2 A - ) A - 47 3 A H 32 IR CoN 08 3 @ TR R Eibk K2 AR-BI1ERR (P<0.05) , F2 K-l
AERGIAE 20—40 em T JEH B & TAZARLIMK(P<0.05) . 13 C:P 7EAA 12, BN AR A > 42 R -l 1E
Fi>AZARLIMR, BAZAR- I 5 A2 ARSI B 25 (P<0.05) . F2AR-0I1ERE 14 N:P 75 0—20 cm + /25
E R TRARLIM(P<0.05) ,20—40 em + )2  AZAR-BILERET N:P 2158 Z(L T2 AR-MF§ A2 ARLM(P<0.05) , 2
K-aibk SRR LG, LR = FPAK I3 7E 40—60 em +)2 N:P ¥ B E 2 % (P<0.05) , =Mbksr 15
C:N ., C:P 1 N:P Bifi + 2R (128 BT — SO R , 33X 1T R 2 - 498 8 58 [0 2 X AF 4 5% o0k 7 5 O 2 K i
WA R A . 13 C:N L C:P L E = FPFRS> 0—20 em )2 B 25 T 20—60 cm( P<0.05) 12, J5hiE
BRI, HEBE R TR AN , e sh iR B w0 138 N:P A AR alibk A2 K- 1E -2 2040 em &b 1B 5
K, R AR-AIAERAE 20—40 em Ab FofEfe/ )N, AR T0 225 5 (P<0.05) .
2.4 ARG SRS AR Ak

P 3 ] 0, ARk e R 5 4 3 2 6 DU R 4 3E i CBH  NAG \LAP 5 ACP F§ G A A A B2 5 A 52 i)
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Fig.2 Soil C:N, C:P, N:P characteristics of three kinds of stand
ANFINE P REARERAN [ Ak B H] A7 A 3 25 57 s AN R RS AR 6] — A BN ] L2 AR AE P25 5+, P<0.05

C TR AH BTG PE | BC B IE PETE = A AR S> FAY 0—20 em . 20—40 ecm T2 TR FE R 1E 40—60 em +J2FF
TEM % 2257 (P<0.05) 2 AREIMS 2 AR -UIAERI > A2 AR-[E . CBH BTG ,0—20 em )2, B@ AR Z A1 AA7E
#2525 (P<0.05) 2 AR-BIAEHE>F2 KR A bk > 12 K- HH , 20—40 em )2, B AR-BIERE 52 AR LI 3524 5
HY R E S TASAR-M4H(P<0.05) . N JEFAHICEFE M T, NAG BTG, 7€ 0—20 em )2, F2AR-0I 161 2%
B TASAR-MAE A2 ARG (P<0.05) , =FARIMTE 40—60 em +J2FEAE B #5255 (P<0.05) , 2 K-[ Al > 42 A 4l
MSEZEAR-BITER . LAP B§E T, £ 0—20 em )2, A2 AR-[E Al i 25 I TAZ AR Glidk A2 AR -0 764 (P<0.05) ;20—
40 em )2 BUEMZATC I 22 5, HI B R T A2 AREIMK (P<0.05) ;7E 40—60 cm, =P 7778 i 35 2%
5 (P<0.05) , 2 AK-fg> 2 ARGMSIZAR-BIERE . BEIEAEE ACP 31 ,0—20 cm 40—60 cm 12, =Fldks
FETE B35 22 53 (P<0.05) , 43 B AZ AR GRS K2 AR AU LA > A2 A - (B Al A2 A - A > 52 AR Gl bRo> A2 AR - 16 A 5 20—
40 em 1 )2, PO BER T2 R4 (P<0.05), C 13 BG 5 CBH B, —F 0 7E 40—60 cm + )2
TR s NAG B ME A2 K-SR 5 A2 AR 7E 0—20 ¢m ,20—40 cm B ZF KT 40—60 cm; £2 A 4L 45
0—20 cm 40—60 cm S KT 20—40 em + 2 ; LAP fiff , 2 R4tk SRR E = LR LB EFEF (P<
0.05) , MAZAR-MHTE = L2 FF7E % 22 5% (P<0.05) , HRIUA R 1 )2 09 INEE, BETs 1 dsE . ACP BT
M =R = A 2 A AR = A LR B 25 5%, 2040 ¢em>0—20 cm>40—60 cm;
K2 -[E AR 1= 35 20—40 em B35 5T 0—20 em; ZAR-UFERTE =4 T2 TR EH 2SS (P<0.05)

http ; //www.ecologica.cn



10 4] BASE AN TMGL A R = o b B A 9 R Wi 4283

030 - 40 -
ol Aa T35
g 0.25 + ABa —F— Ab E
T Aa T 3.0 ABa
@™ 0.20 Ba Aa Ac %ﬂm b
o Aa %% &% 25 [ Aa  Ba
=5 2 % £ M h
'3 015 23 20 H[ 1 |Bb
£s &4
& S
= 2 l@l ,i 1.5 & Bb
22 010 %2 7
e We 10
< c
- 0.05 =
& 3 05
0 0.0
0—20 20—40 40—60 0—20 20—40
T 050 - ~6r
Eooas | Elat N ff_ Ab Aa
on - a
g, 040 | W, | +7 Ac
ESossf g2 Bp AP
I 2 Ba 2310 |
SEowly 5w 3 )
EE 025 —I—? E3 gﬁ 08
E S i) Cb
N 020 S 06 |
e m®e U %
Z = D, —)
% 015 b =g
e S 04 |
8 o010} E
kY 202 F
Z 005 g "
~ A
= 0 0.0
< 0—20 20—40 0—20 20—40 40—60
24 L F3BIPE Soil depth/cm
o 221 Ba A
- A
= 2.0 Ab
£
oo 1.8 + Ab
D 1.6 F Ab
& 9 X
gg 14 | ::: 7’; o ABa Aa
2% 12| <K ] oAbk
= 2 Be [X
85 10} 0:0 7)) Ak
| 5 [2a] AR
£ KRS
f; 0.6 + :::
S 04l %5
< R3S
02 | %%
: 0
0 S
0—20 20—40 40—60

3G E Soil depth/cm

3 TEEmEENTN
Fig.3 Changes of soil enzyme activity

AR/NG FEHREAR MR B AATE B 22 57 A RIR S TR R — M A R A B V225, P<0.05

2.5 A[EMRS; T HEFR 5 RS PR OGS A
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Table 3 Correlation analysis of soil chemical properties and enzyme activities
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(BG) (CBH) acetylglucosamine amlrzo[}j}l;; ase (ACP)

enzyme ( NAG)

PO pH 0.040 -0.643** -0.286* -0.369 ** -0.061
HHLE Soil organic matter( SOM) -0.115 -0.208 -0.159 -0.410*" -0.064
4% Total nitrogen( TN) -0.149 -0.128 -0.17 -0.229 0.322*"
2§ Total phosphorus( TP) -0.321** -0.373** -0.537** -0.306"* 0.323**
2 Total potassium( TK) 0.184 0.384 " 0.256 " 0.297 " 0.237*
W Available Phosphorus( AP) -0.103 -0.185 -0.231 -0.269 * 0.166
AR Available potassium( AK) -0.054 -0.055 -0.201 -0.221 0.227
A L Carbon nitrogen ratio( C:N) -0.097 -0.219 -0.177 -0.378 " -0.118
kWit Carbon phosphorus ratio( C:P) -0.036 -0.257* -0.149 -0.368 ** -0.041
Z W It Nitrogen phosphorus ratio( N:P) -0.011 -0.219 -0.048 -0.028 0.265"
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